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^>7> ^ O.^ , #^7] 3] %■ ^^^iuj-^^-o. ^ ojo| ( oil- oj-g- 

3. *M y o V ^^ _fiL*l 

^^^r s>^-^-^- cf^sf « 0 >^(WDM : Wavelength Division Multiplexing) 
#a] ^}ofl &<H>M, ^^S^-E-l ^-71^ sHJ-S-« 

^5}" ^-Wfl^H #3^7] ^1 1 ^Hfl ^"71 Tfl 1 #£-tiU 

# A] EM ^UJ-; ^. 7 ] Cf^O] ^Xj- A} Ell ^cj. 0_ S J=L E .] *J EM Jt.^ T^O} ^ ^ ^ 

^- till si ^3^1- ^HdiL^ ^sH-ll- ^l^M Til 2 ^ 

71 ^ 1 ^Hfl ^^S^-Ei #^Sl^ ^clJll- «a3«>o> ^71 Cf^o] jzj.xj- AHEOj 
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Z}7) ^c+; AV 7 1 ^<LV^. ^sll^ o]b3h} oj-^ZL * 

^ ^^Al-7l7l sf\Q ^JL ^ #71^ a]Jt ^r^5.-^-Ei 

^l*!^ ^ISl- <a^^> WDM MJrcq ^)|^^ 4^<2|- & ^o^^HV^ (ASE - 

Amplified Spontaneous Emi ssion)^h§- z}^)^ ^^S}5L, ^fl^t cfl 
* -tlS ^e) SL^W. 



£ 3 



^A]^], ^-A]Jl tfl ^Ul 
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*}#^ 4^ ^ Al^Eflo^ {Optical 

Performance Monitoring Apparatus for WDM Optical Communication Systems} 

S. 4 4€- s>^-«.§ cf^gj. a]Jto| ^ 

1x2 ^^M* 

#3 #7] 



300 : lxN %^7) 310 : 

320 : 3H3-fr -M^- 330 : 
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llr^-gr j^-^- t}#s}-(WDM : Wavelength Division Multiplexing)^^ 

*\±*$S) SM^H aj-^i^t,]- WDM *1 

^sfl WDM ^j^o] 2>^]2f *V«S<f^»<J-#(ASE : 

Amplified Spontaneous Emission^Mr-l: n^f>}<q sfl^t tfl ^-§-^1 (OSNR : 

Optical Signal-to-Noise Ratio)!- SM^H ^tr -SM^h 

W^l* if-^ WDM Ali^j^ %^sl 7 ]^. WDM <0Jr^n> 

ASE^-g- 31 *V ##*l-7l u||g.ofl , ^-^^71 o] 7^7} ^ 7 }^~^ WDM ^j^o] 
#-<djr tfl ^--g-Hl^ q-^lTll sH, 14 ^^EMM tfl ^--g-w] 

* iL^Sfl^M flSfl^TT ^^ 7 1- i^-i- 7)]# WDM ^IJlSl *fl 

^1 #41 -£ tfl ^ti] i^-*]-^ ^^J^ ^ OlO^o]: *Vc|-. 

WDM A]^eflcq ^^j. ^0.5.^ ^ S 

1 £4S 3*KAWG : Arrayed Waveguide Grating)^- ^ a]-^^ ol-g-s} 

S. 1 -gr "Stephen B. Alexander"^] sl*IM *flS>^l WDM Aj^ufl o] ^ 

t ^K*]-^ -Hj-^ 5,986,782 : 1999. 11. 16)^ M-Ej-ifl^- 3 

20-4 




-2.^-, °1 u o^^ #AKioo)-b -£^°D £.*1€ ^-oi, AWGsq- ^ 

^m} €^(110)2}- 31-3 #7] (120) 71(130) ^sH^l 

£ 1 «*fl £Al^ Hi-fi), ^-ol sl-^J- ^ El (no)^ J711S1 WDM 

J7fl£] ^4]JLCE 1 21 ^ , J^. ~ . ^ )^1- ^<H£. I7fl olAj-o^ A SE#-g- 

1 si ^ x. 2 )JS - ^"^^^4. nl-eH, <>i ^go^s] ^ 

3(110)*=- ASE^ #^«l-7l ^l«fl WDM *]j§LSl sfl^[ s>^-oH <s}sfl ^.osl^i 

sKMHsl 2H-1, ^ ASE#£- ^#-8: faiHf 7>^oi= *V 

4. ^, 4# ^ ^2} WDM sfl^ sl-^-cHi sll^sl^ nf^ll- #^Rr 

iH2f ASE^^g- ^1- sHH-fr #^*Kr ^-g-2} #^iHS.^-Bi zvz> ^^rf 
21- ASE^ #^*V ^, nlej ^laE-H] x-1^11 ^ # oj^sHH 4^ W 

^7l2l s}-^ ASE^-g- ^-§- °l-g-*H WDM ^15:21 ^H^rt tfl ^--g-ul-^ ^ 

<+*V7fl ^c}. ojufl, ^"^^7121 ASE^ «g^slol^l^- WDM ^1^21 ^ °Jej 

^-i- ^31^51 71(130) 1-H2I Dfl a a) ofl ^^«fl 

^M-, °1^7fl ^^sH^l #*1 ^1^, J7flsl Vft^S. ^£ WDM 

<05i2l jgvys m ^J-g-ali- ^^§1-71 ^sjh 3<H5. J+I7fl2l f^£E f 7 j. 

^ ^El(110)M- 5£±r ^^-21 SH}- a^eM ^^J. A^£l^ ^r^fl^ol & 
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T°U^r ^-^#71 o] o]s. irjEV c})^o.^_w.Ei ASE^-g- >gt~§- ^7] 7]- 

71^1 ol s. ^e}. ^0=1 uVoIIa-1 ASE^h-S- ^^H^ SRrH], ol 7$°- WDM ^ 

Al^tfl^ ^l^rf -fAjJr tH ^-^-Wlo) 4^0] -g-O^j-jL ^} 7 } ^0,D^ ; 
^ Al^Eflo^ ^3=. ^. AH 1 oj-g-^- ^ ol^ cj-^- #X\ ^ 

^t-fl zl s.ajo] 014. 

^■71 -=-3^ ^*V7l flSt -g- ^V*]^, s>^«.«- cf^s). ^(WDM : 

Wavelength Division Multiplexing) Sl^^i, 
%3.3.¥-B\ ^-71^ cff^s)- ^-«11*>^ #^*>7] 3$ afl 1 

^7} *l) 1 #£-ufl ^#-g- -g-sjjAj ^-uflja f>yit ^ -Mj-^*V aj.^ 

^-^ -id^!€ ^ ^^-Sl ^vfcl;£ ^#*>7] Cf^o) ^| ! 

A o v 7l 1 #-g-afl ^teHM £ H fl€ MS* 0 J^^V ^iSL^ 71 
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^ 2 #7] X]] 1 #-g-H|l 

•a^^f #7l t^o^ 5I># ^^S. #^*>JL, #71 Cf^o) ^ ^EJ) ^cf 

<LS.!fZl ^d^Sl^^l ^ 4#4 ^Cl^ll- °J^^°> #71 C^S} *fl 1 ^ 

2 #-g-Hll #71 cf-^o] ^ ! ^cj > ^ 2 # 

3# ^r<EHH ^#4 ##Jl«- ^d^s>7l <H*V #7l ^ ^-g; -f-sfl 
>H of^S-ZZ. ##Jl ^o.S €^1^1 71 W #31 

3s ^ #7] 4 #ji ^ ^c+o_s^fEi c]^i^ #jr-i- ^^wvof wdm ^-^IJ:^ ^ 
^ 4*14 # 4 < 2^# U C }-#(ASE : Amplified Spontaneous Emission)^ 44# ^ 
^*>Jl, ^1 cfl JfltF #^ ^ i^t!:4. 

^r, £ 4# ^ ^Ei* °l-§-^ *im 4#1^ ^-e]^ ^#Jl^ 

4*1 4 # ^^t> ^, °1* °l-§-^V°i WDM #Jl^ sfl^t %#Jr tfl 

# ASE^ 44 # #*d^ a1^4 4^¥# #*1*}7] 4tt 

#4 #*11- *H4tb4. 

#^tt ^-3, ^-i- ^ #3£- ^4 4^tK 4^-4 #^ltt 

*4<^ £-4 -g-^sfl ^ 3°14. °14, ^4 ^ofl nj-s. h|. 
E 2 ^ ^ t^^l 3 -§-£1^7 4#£^ 4^4 ^ 

£°14. 

£ t^ol 3-§-4fe WDM # 7 d^ *l^ E J£r N7fl2l Sfl^ #51* 4^4471 ifl 

$ #4^471(210)4 ^-4^^-71(210)^ 4*114 4^44 wdm #Jl* #-^4 5^ 
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^-7] (230), ^j-^tf-S-I- WDM ^a!^ jg- 

^ 7) (240)2}- ^-^^1^71(250) 0.^\JL *£*i&&sL%- f-«fl ^SH^ WDM 

s^tS. ^-^M^t 5 ^ # 71(220)2]- WDM Al^Efloj 5 ]| 
^ ##^#^1* ^*l*>7l %*}±r #a|(200)JL ^€4. #^if 

#*l(200)Sr £ 2 ofl «>sq- £o] z]- ^7] o] <y f % 
^ 'dS-'Sr #«fl ^^£1^7.)^ WDM tJ-aII- ^^tj-. 

(200)3 ^^-a- &7] ^^71(260)1- oj-g-^H ^^SS-JfEi WDM +1 
Jroj ^-71 <S^. 

^, JE 3 £r 51 2 #^ir #Al#*l(200)Sl ^iES>H, ^ 

WDM ^-aI^-^o] ufE|-^i=l-. 

•g- WDM a1a E |o^ ^ ^-^^ T^^Jf 

3 ^7]£) 4^^-% V ^-^5}- ^H^* ^-Ull^H #^*>7] IxN ^^-7] (300), 

^7] IxN ^-^^-711- -f-*)H ^-AjJil- °J «M «>fe 1x2 ^^-71(310), 

c^cq lx2 ^^•7l(310)S.-¥-El ^Jl« ^^^1- ^ Aj 
-S-71 1x2 ^-1^-71(310)^1 #^*1-7l ^tb i=Hr3 ^-fr tLeflzz. ^ 

*K320), -S-71 cf^o] ^ o. ygjj^ ^^(320)oH a^s} jl^ x]^m. 

Aj-7] 1x2 #£^7l (310)3.^-3 ^ E J|s) s.^ s^j-oi ^ 

Jr. 51-^1- ^#*V7] ^ cH^fi] #3 #7] (330), #71 IxN ^"TJ ^-71 (300) S -^1 
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33 ^^rk*} 4=HNl" ^#S>7] ^ ^#71(331), 

# 7 ] c^o} ^#71(330)^ ^^#7l(331)S.JfEi ^dJL# o>^S.rL/u]^ 

H 71(350 HI ^3^- ^^§1-71 xfl^ ^i=)#HJj ^-1(340), *H ^ ^ 

E|l-Hj]Ai(340)# 0.3L °d^£l^r ^-ai^L s>^» t}*!^ 

^^H^M oJ-^zi/^l'S ^«:7l(350), o^^n/cl*! ig 71(350) 

S^-Ei °g^«>ol- WDM ^Jifi] sfl^t 2]-^ a} ^^#^-*g-#(ASE) 

5fl Ml ^KIJl cfl ^-g-wll- ^^§>7] ^131^^71(360) 

^-§-°-^, ^ WDM ^l^^Sl #a}^*\9) s-^j-^- 

lxN #^71(300)^ WDM ^liL^r ^^.^«- E ^ Mi£] ^Jf* 

-g-7l(270)^ ^^t}. WDM ^J^l^r M^l *flM3. ^ si WDM ^ 

1- ^«fl>H lxN ^-tj ^-7|(300)^ a>-§-^ i xN s£ 

^^-71(300)^ ^hV^o] ^7}$.*] <a^4l3M- ^-8: 7}*1ji 

^ M IBf^ £r>«^ ^il-t- fiq-. ixN ^-tj^ 7 1 (300)^1 f^IE^El 
#^15: tt 1x2 ^-7j*j- 71(310)1- -f-*(H ^-fr 3*K320).3. <y?|^ 

^-°r 3*>(320)*r ^Sl-b WDM ^ *R]^ tLsflZL s]-^ 
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u}^r ^ |Eiol4. n^-eH. WDM ^jro] ^-sf^l- 

*i #^-fr a-Hlln ^^(320)^1 ^lln sf*l-g- ^SS^El ^^^1^^^ WDM 

^^AloflollA-]^ ol^^ WDM ^1^1" *llVH.5. -g-S^>7l i^H 
5. -§-5^ ^ ^^tb Sf^l- AjE« ^e^o] A ].^ £ 7}±§-i5}v).. 

^-fr ti.efl^i 3*K320H) al*lH ^^^IJ:^ 1x2 ^Nl ^ (SlO-t- 

^H ^#71(330 HI 

<^7]*\, 1x2 ^-^^-71(310)^ WDM <0Jl1- ^-8- JELeflZL ^*>(320)^ ^^a] 
7lZL, cJ-a] ^o. y.^^ 3*l-(320)^fEi ^j-j^ ^fl^Ai^t #7](330 ) Q 

^^l-7l7l A}-g-£ ^iLiiL, ^^711- tfl^l ^-§-1" ^ 

^1(200)^ ^^l^<y ^^.g. # o_3 ^ oi^ ^, WDM a}Jto] 

7)- ^-i: ^oH^r 1x2 ^1^7] (310)# o]^}^ o) 7}.;*°. 

^# ^ ^^£1^ WDM Ajjro] ^1^^7> ^yj-ll- Tj-oofl^ ixN «^-7l(300) 

o]|a-| ^-a^s]^ Aj-<y^^^ 3j- 7] (33Q.33D c] oj^^a^ WDM ^ 

"4^7} ^-^#71(330,331)^ %± °m ^(sensitivity).^ ^o}^ 

ole^V *lHl^r 1x2 #^7] (310) %^7)% A>-g-^H # 

Al ^-^1(200)^ ^Afl^O] #01^0 O. ^ ol^ 
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A o V 7] #3 #7] (330,331)oll S)lft*\ WDM aJJto) s^-cr *11 ^ <£ 

^# 2 -*M(340)# -§-«lH oj-^zi/tl*]^ ^^7] (350)^1) <^7H 5)1^ 

3*^*1(340)^-, ^-71 ^-^#71(330,331)^1 o^^LZL/t-l ig ig^l (350) 

^1 ^7,1-^o.S. ^^A]^ ~i=. o=j^-g- fVcK Al-7] oI-^^zl/u]^^ 71(350)^ 
« ^Bl^HJi^(340)S^-E-l ^szl Ajif z| s^-Hl sfl^-^ cl^]^ 

tiFP-ol ^cj-. -yjL^e] 71(360)^ -#7] o}^^zl/€\^}^ ^$71(350)^1 £)*fl 

^1^ it^-S. Zj" *fl^ 3X}^S>1- ^ Oj3| 3 }.o^ ^ ^ ulj^^ 

oil n)^ ^^-§fl^- ^s.7lo] n^vif ASE^-g- °l-g-*H WDM ^1JL£1 

cfl ^all- 7)1^1-^. 

1"^* 7l^^o] €^olH #31^ 

°m WDM aJJto} *]]^ ^"^-R- y.eflzi ^^V(320)oflA^| al-A]-^ 

« ^-^#71(330)^- ^ ^ oicf. o]ufl, o. -U 

sflZL ^^f(320)^ WDM Al^l ^ai 2 ].xv ( t ... j )^ :&<^ u.aflii 

■§-'#71 afl-g-ofl z}- %mo. tL^^ ^^ (320) - oj^ WDM Us. ^ *R!^1 «.Efln sl- 

u.ellzi 3*K320)-I- ^^tl- y J^al ^H^^-l- ^V^sl-71 3" ^-n- «.£ll^l 3 

7>K320)3l #^^B^r ^7-l(termination)£l<H#cK 

nelJl, lxN Mtl-7l(300)sl t^IB ^ D >*1*J- f^itS^ 1x2 
(310) ^ tLeJlzz. ^x>(320)^l- 9i*l o>^ o] 
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Q ^^#71(331)^1^-1^ o]Bj WDM #2>^(WDM ^^sj-^ + ASE^-g- 

1] 

^ total, ASE = 

#71 [*r«H 1]°1H V total . ASE ^ °J^S1^ WDM # ASE^-g- 4 

l^NH, V N+1 ^r ^3#7](33lH 3|SfH WDM ^IJl^ #2}^!-, H^JL Vi^r 

^-^#7l(330)<Hl ^lsfl^ WDM ^ # i«i*ll iflifl ^K-l-I- M-El-^c|-. icfl 

\tt ASE## 5>^^ [^3H4 S-HH ^ ASE^^g- WDM 

2>^, nelJi 71(360) vflsl nflS-iiH ^sfl-g- <a ^ n}^ z])^o\] 
^#71^1 *fl^ig ASE^-g- ^-8: °l-g-*M ^ ^ 5U4. 

S. 4 ^ -g- u±s. A^g-ig tf^s}- <0 5LS1 rfl ^-g-w] 

<H^HH1 4-E- WDM aI^e^s] sfl^ig -aJ-Al-gr cfl 

s cfl ^Hl* O.lnraSl 7>^1^ #.g_ sfr ^7l(0SA : Optical 
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iV 

/ = 1 



Spectrum Analyzer )S. ^^f^r w|aii^ n^o]c|-. 

t^^r WDM Al^Eflo])>] o] VVDM ^Jl^I afl^t nfl *h§-Hlo] 

^ o]s>]c\]^ 3g-^M. y] o] ^ ASE3-I- ^Hq-i- ^ oi 7 i uU^-o^ ^ 

ASE^ sH^J- *±slx\tH 71(360)^11 ^-^M^ ^ ASE^-g- & 

iL4 m Ti-r- %^?} ^HsliL^l TjiLAi^^ ji^o.S.^1 %^7}% if-^f^ 

°l A cMH ^ ^ ^*H1 ^ ^€ £^1 ^*fl tl-^^l^ 

^ ^ ^T^ol j^^tj.^. ^ol ^-x^ol 4?i5}±r 71^^-o^lA^ -f-Al-O) ^Al 

^7lth yj-sq- ^ ^- ^-tg^, ASE^-g- ^7l c^w-o] h^Va]^ ^ 

E^U-1- S^aHeM ^Ei^ c^«-^ f^E;} &of, #A^ ^-Al^o] ^ 

I" 3^3^ ^ 5tU, #^7)9] O]^ Ig E> cfl<^^- #Jf Al-g-^ WDM ^d^^ 
Eflo] ^ -o^l^ aj^ Af-g-ol 7^^711 ^-0_JL*| ZLEltb T^O-O] A SE^-§- ^#^1 

1- 4 1 aZ— °1 , WDM ^ll^t ^-^1^ ^11 ^-g-til^ o>q5.1- ff^;!^ ^ 

31 ASE^-§- 3^-1 -g-Alofl ^ oi^ jL^l-n oicf. 
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A^&lk 4^2)- t o v -I (WDM : Wavelength Division Multiplexing) a] 

^ 7 d^ -¥-3 ^7)£l s]-^^- v.}^s\. ^jr-g. m*\7) $| 

$ *11 1 %&»W 

#7} *H 1 ^«fl #*1H £-«H£ ^djr-g. # ^-*<RV 4^ ^KIJl 

# Jfl^- 5}^- ^Ejl 

A o V 7] Cf^2] 2}^- ^O^Jf t| AjE»:£ sjg ^-Aj-g- aj. 

^1 i ^tifl ^ieHH £-ufl^ t^llt °J^^> ^Jls) Q 

A o V 7l *« 1 #£-Hfl isL^ °J^^> ^"71 Cf^o) 3Z> 

§1-71 ^Efl ^t£; 

# 7 ] ^Efl ^U>_g. S.3l]Ai OjB^ Oj-^SZL ^-AlS Sl-^1- Cl*|E^ £o._g. ^ 

«-^l-7]7l ^ 
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#71 ^]J> ^^CLsL^E] v)x]m ^1^1- ^ «>o|- WDM ^IJl^I *fl^ 

1 # ^f 1 ^- ««}-#( ASE : Amplified Spontaneous Emission)^ h^-I- ^ 

sfl^t tfl #^*l-7l 4]Jr ^e] ^cf 

2] 

#7) #J: ^ej 

iflJfofl °m *}$\ Z]}^6\] ^S. 7 ]Q] ^S- ^ 

^ ^"^7l^ & ^ ^ ^ ^o.! ^-^.gJtol ^2.211- iE^Hfr 

[3^8" 3] 

l ^ all 2 * 0 H1 
#71 cH-s] 

^-fi- y-Hfl^Z. 23^01 ^ ^-^1 ^ 5f#^^ ^5}" ^ ^ 7 d^ *1 

##1T 7 tM #*1. 

4] 
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#71 ^) 2 #£-Hfl ^#-gr, 
5] 



20-16 





IS- 1] 




H Eg ■ 

i>oio : 

m. 



IS* 



J** 



raw 



m s 



no 



P 



a* 
flu 

ray 

got* 

i>*oio : 
^ J** 



K = Is 
° IS 



J 



£3 
mac 

J2 



Qfef 



P 



S 




05 



2d , 



H3 

in 



Km 



vj 
ON 
IB* 




20-17 




20-13 




20-19 




2o i i ' 1 ' 

-30 -25 -20 -15 -10 

Xfiyg EOFA EJi*Z| [dBm] 



20-20 

/ 



